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The structure and the coercivity (Hc) of rapidly quenched (Fe0.55Pt0.45)bal.Zr0 – 8B0 – 24 alloys
prepared by the melt-spinning technique have been investigated. OrderedL10 Fe–Pt phase of
20–100 nm was obtained by rapidly quenching the melt for (Fe0.55Pt0.45)78Zr2B20 and
(Fe0.55Pt0.45)78Zr4B18 alloys with high Hc of 341 and 649 kA/m in an as-quenched state,
respectively. On the other hand, the (Fe0.55Pt0.45)78Zr4B18 alloy produced by Cu mold casting at a
lower cooling rate than melt spinning is found to be composed of a mixed structure of Fe–PtL10 ,
ZrB12, PtZr and Fe3B phases and the alloy has much lowerHc of 74 kA/m than that of the
melt-spun (Fe0.55Pt0.45)78Zr4B18 alloy. The lattice parameters~a and c! of the L10 phase in the
melt-spun alloys suggest that Zr and B elements are contained in theL10 phase for the melt-spun
alloys, which is possibly related to direct formation of theL10 structure by rapidly quenching the
melt. © 2004 American Institute of Physics.@DOI: 10.1063/1.1676037#
I. INTRODUCTION
Since the FePtL10 ordered phase has an extremely large
magnetocrystalline anisotropy of 73107 erg/cm3 (7
3106 J/m3),1 the Fe–Pt alloy is expected to exhibit high
coercivity (Hc). It was already reported that Fe61.5Pt38.5 bulk
alloy shows highHc of 4.3 kOe~0.34 MA/m! after annealing
at 773 K.2 The annealed alloy is composed of orderedL10
and disordered face-centered-cubic~fcc! phases, and domain
wall pinning through the interface between the two phases
takes place, which results in theHc .
Recently, the Fe–Pt alloy has been thought to be one of
the most promising materials for ultrahigh density magnetic
recording media due to its high magnetocrystalline anisot-
ropy which is expected to realize a very small critical grain
size for superparamagnetism.3 Therefore, many studies on
nanoparticles and thin films have been carried out.4–8 From
the point of view of application, one important problem is to
decrease the annealing temperature below 600 K, and many
attempts for lowering the disorder to order transformation
temperature have been made.8–11
At present, highHc cannot be obtained for bulk, nano-
particle and thin film Fe–Pt alloys without annealing or heat-
ing and sputtering at high temperatures. In this article, we
tried to obtain theL10 structure by directly quenching the
alloy melt and realize highHc without any heat treatment.
II. EXPERIMENTAL PROCEDURE
In this study, the ratio of Fe to Pt was fixed at 55:45
which is the center composition of theL10 phase.
12 Alloy
ingots, which are called Cu mold cast alloys in this article,
were prepared by arc melting and casting in a water-cooled
Cu mold in Ar atmosphere. A single-roller melt spinning
method in Ar atmosphere was used to produce rapidly solidi-
fied alloys. Discontinuous ribbon samples about 1 mm in
width and about 15mm in thickness were obtained. The
structure of the powdered samples was examined by x-ray
diffractometry~XRD! using CoKa incident radiation and by
transmission electron microscopy~TEM!. The samples for
TEM observation were prepared by ion milling both sides of
the ribbons. The magnetic properties of the powdered
samples were measured by a vibrating sample magnetometer
~VSM! or a superconducting quantum interference device
~SQUID! magnetometer at room temperature.
III. RESULTS AND DISCUSSION
Figure 1 shows the compositional dependence ofHc and
the structure for the (Fe0.55Pt0.45) – Zr-B system in an as-
quenched state. The L10 phase is found for
(Fe0.55Pt0.45)78Zr2B20 and (Fe0.55Pt0.45)78Zr4B18, as shown in
Fig. 2. TEM images of the (Fe0.55Pt0.45)78Zr2B20 and
(Fe0.55Pt0.45)78Zr4B18 alloys are shown in Fig. 3. They reveal
L10 grains of 20–100 nm. Figure 4 shows XRD patterns for
ternary (Fe0.55Pt0.45)92Zr8 in an as-quenched state and after
a!Electronic mail: akihiro–makino@akita-pu.ac.jp
FIG. 1. Compositional dependence of the coercivity (Hc) and structure of
melt-spun (Fe0.55Pt0.45) – Zr-B alloys in the as-quenched state.
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annealing at 923 K for 1.8 ks. The ternary (Fe0.55Pt0.45)92Zr8
alloy without B has a mixed structure composed of com-
pounds such as Fe3Zr, Fe2Zr and Pt3Zr5 . The L10 phase
cannot be found after annealing. As shown in Fig. 5, the
ternary (Fe0.55Pt0.45)85B15 alloy without Zr has a major part
of a fcc phase in the as-quenched state, and the fcc phase
changes to theL10 phase by annealing at 923 K for 1.8 ks.
With this change in structure,Hc increases from 25 to 357
kA/m. These results are almost in agreement with those al-
ready reported.13 High Hc in the as-quenched state is ob-
tained in the compositional range of 2–4 at. % Zr and 18–20
at. % B, where a major part of theL10 structure formed. The
highestHc is 649 kA/m for (Fe0.55Pt0.45)78Zr4B18, and this
value is much higher than that of the annealed Fe61.5Pt38.5
alloy reported earlier.2 Therefore, we can say that the simul-
taneous addition of 2–4 at. % Zr and 18–20 at. % B realizes
the formation of theL10 phase in the as-quenched state.Hc
and the structure of the alloy are maintained against anneal-
ing at 923 K, suggesting that theL10 structure with highHc
has a high thermal stability.
In order to clarify the effect of rapid quenching on the
structure andHc , a comparison of them between the melt-
spun and the Cu mold cast (Fe0.55Pt0.45)78Zr4B18 alloys was
made. The x-ray diffraction patterns andHc of the Cu mold
cast (Fe0.55Pt0.45)78Zr4B18 are shown in Fig. 6, and those for
the melt-spun alloy are shown in Fig. 2~b!. The structure of
FIG. 2. X-ray diffraction patterns of melt-spun~a! (Fe0.55Pt0.45)78Zr2B20 and
~b! (Fe0.55Pt0.45)78Zr4B18 alloys in the as-quenched state.
FIG. 3. TEM images of melt-spun~a! (Fe0.55Pt0.45)78Zr2B20 and ~b!
(Fe0.55Pt0.45)78Zr4B18 alloys in the as-quenched state.
FIG. 4. X-ray diffraction patterns of (Fe0.55Pt0.45)92Zr8 ~a! in the as-
quenched state and~b! after annealing at 923 K for 1.8 ks.
FIG. 5. X-ray diffraction patterns of (Fe0.55Pt0.45)85B15 ~a! in the as-
quenched state and~b! after annealing at 923 K for 1.8 ks.
7499J. Appl. Phys., Vol. 95, No. 11, Part 2, 1 June 2004 A. Makino and T. Bitoh
Downloaded 26 Mar 2010 to 130.34.135.83. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
the Cu mold cast alloy is found to be composed of a mixed
structure of Fe–PtL10 , ZrB12, PtZr and Fe3B phases and
the alloy has much lowerHc of 74 kA/m than the melt-spun
alloy with theL10 structure. Therefore, we can say that the
other phases such as ZrB12, PtZr and Fe3B thanL10 phase
are suppressed and theL10 phase is formed by rapidly
quenching the alloy melt.
Table I shows the lattice parameters~a andc! and axial
ratio (c/a) of the L10 phase for the Fe55Pt45 binary alloy
produced by Cu mold casting the melt-spun
(Fe0.55Pt0.45)78Zr2B20 and (Fe0.55Pt0.45)78Zr4B18 alloys. c is
completely the same for all the alloys, however,a is larger
for the melt-spun (Fe0.55Pt0.45)78Zr2B20 and
(Fe0.55Pt0.45)78Zr4B18 alloys than the binary alloy. TheL10
phase in the binary Fe55Pt45 alloy is almost perfectly ordered
because the long-range order parameter evaluated from the
integral intensity ratio of the superlattice~001! peak to the
fundamental~002! peak in the XRD pattern6 is higher than
0.9. It should be noted thata of the L10 phase is slightly
larger than that of the disordered fcc phase.13,14 Thus,a for
the pure Fe55Pt45 phase must havea less than 0.383 nm even
if it has a disordered fcc structure. Therefore, the largea
values for the melt-spun (Fe0.55Pt0.45)78Zr2B20 and
(Fe0.55Pt0.45)78Zr4B18 alloys suggest that Zr and B elements
are contained in theL10 phase, which is possibly related to
the direct formation of theL10 phase by rapidly quenching
the melt.
IV. CONCLUSION
~1! The L10 structure can be directly formed by rapidly
quenching the melt of (Fe0.55Pt0.45)78Zr2B20 and
(Fe0.55Pt0.45)78Zr4B18 alloys.
~2! The formation of theL10 phase for the melt-spun alloys
is considered to be related to theL10 phase that contains
amounts of Zr and B.
~3! (Fe0.55Pt0.45)78Zr2B20 and (Fe0.55Pt0.45)78Zr4B18 alloys
with L10 structure exhibit highHc of 341 and 649 kA/m,
respectively.
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FIG. 6. X-ray diffraction patterns of the Cu mold cast (Fe0.55Pt0.45)78Zr4B18
alloy.
TABLE I. Lattice parameters~a andc! and axial ratio (c/a) of L10 phase
for a Fe55Pt45 binary alloy produced by Cu mold casting and melt-spun





Fe55Pt45 0.38360.001 0.37260.001 0.97160.004
(Fe0.55Pt0.45)78Zr2B20 0.38560.001 0.37260.001 0.966 0.004
(Fe0.55Pt0.45)78Zr4B18 0.38760.001 0.37260.001 0.96160.004
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